Background: Thyroidectomy is a challenging treatment for refractory amiodarone induced thyrotoxicosis (AIT).
Introduction
Amiodarone is a class III anti-arrhythmic drug used to manage different cardiac problems, but its high iodine content and its direct toxic effect may cause thyroid dysfunction. Thyrotoxicosis is a harmful side effect of amiodarone use. Management of AIT is usually resistant to conventional methods and require prompt resolution of thyrotoxicosis-related cardiac decomposition. Definitive treatment can include surgery of the thyroid gland.
So here comes many studies about the safety and utility of thyroidectomy as definitive way to treat AIT and restore thyroid function.
The purpose of the present study was to systematically review the existing recent data regarding total thyroidectomy for the treatment of refractory AIT.
Methods
A review of the existing published data on thyroidectomy for the treatment of amiodarone induced thyrotoxicosis performed using PubMed for articles published in English. The terms used included amiodarone, thyrotoxicosis, thyroidectomy, amiodarone induced thyrotoxicosis. The search was not limited to any date range. 38 articles were identified and a total of 14 remained after duplicates were removed. 11 cases, 3 studies of case series reporting total thyroidectomy as definitive treatment for amiodarone induced thyrotoxicosis especially in those refractory to medical management.
Results
A total of 14 studies were included in this review article. All were published between 2002 and 2016 from different countries.
We have in total 39 patients, 23 were males, 16 were females and the age range varies between 32 and 82.
All patients have heart problems and started amiodarone for atrial fibrillation, ventricular tachyarrythmias or dilated ischemic cardiomyopathy with heart failure and all these cardiac conditions were refractory to the usual medical or interventional therapy (drugs, implantable cardiac devices or even radiofrequency ablation).
The usual dose of amiodarone present is 200 mg daily and the duration of amiodarone use extends from 6 months to 4 years and most of patients were admitted for thyrotoxicosis state ranging from recurrent rapid atrial fibrillation, decompensated heart failure to even thyroid storm which is reported in one case.
Laboratory tests in the 11 cases showed an elevated free or total thyroxine and triiodothyronine and suppressed TSH levels. In the 3 case-series, thyroid function tests were not identified. The reasons for intervention were failure of therapy to control thyrotoxicosis, persistence and deterioration of clinical symptoms and appearance of drug's side effects secondary to high doses used. (Table 1) The definitive mechanism by which amiodarone has contributed to thyrotoxicosis, whether type 1, type 2 or both, has been identified in most of the patients; in the 11 cases, 7 had type II AIT confirmed by either Doppler ultrasound which showed hypovascularization or by pathological features, 1 patient had type I AIT revealed by thyroid gland hypervascularization in addition to nodular goiter seen macroscopically and in 3 patients the exact mechanism was unknown. In the case -series of, all patients had destructive thyroiditis seen on pathology, in Lorberboym et al, type II AIT was established in the 11 patients and the type of AIT has not been mentioned [10, 12, 14] . 2 patients out of 39 had toxic MNG with pathology confirming type II AIT (they may have mixed disorder) and 1 patient had nodular goiter with unknown pathology. . (Table 2 Many trials were conducted to control the hyperthyroid state, from anti-thyroidal drugs (high doses of thionamides (60mg/day) and propylthiouracil (1200 mg)) to high doses of corticosteroids, iodine solution, cholestyramine and even plasmapheresis, without any benefit. In all cases, thyrotoxicosis was refractory to these different treatment modalities, unresponsive with worsening of the underlying cardiac conditions in several cases and the only solution remains total thyroidectomy whether they had type I (underlying thyroid pathology) or type II AIT (destructive thyroiditis). . (Table 3) All patients ameliorated after thyroidectomy and restored the euthyroid state with improvement of symptoms and ventricular function. Only one died after surgery but this is secondary to his preexisting comorbid conditions. 
Discussion
Amiodarone is a widely used anti-arrhythmic drug treating mainly supraventricular and ventricular tachycardia's, used safely in patients with atrial fibrillation and heart failure in order to obtain sinus rhythm without affecting ventricular function.
However, like any other drug, its benefit can be out weighted by numerous side effects especially that most individuals administered it on a chronic basis so they will experience definitely at least one side effect among others. The most hazardous one is thyroid dysfunction (hypo or hyperthyroidism) as amiodarone is an iodine rich compound and similar structurally to thyroid hormone. (1) Some patients on amiodarone remain euthyroid but others develop thyrotoxicosis and have consequently higher adverse cardiovascular events.
Amiodarone-induced thyrotoxicosis (AIT) is a serious complication of long-term amiodarone use. It occurs in patients with already established cardiac dysfunction on amiodarone, who didn't tolerate the hyperthyroid state. It is classified as iodine-induced thyrotoxicosis (type 1) existing in patients with underlying thyroid disease exacerbated by thyroid autonomous function, mainly in iodine-deficient areas and destructive thyroiditis (type 2) in those with no history of thyroid problems causing direct cytotoxic and inflammatory effects, occurring in iodine-repleted areas. [4] Mixed forms also are present. Those effects are probably due to high iodine content of amiodarone, and its long half-life (107 days). [2] Changes seen microscopically in type I AIT are consisting of preexisting thyroid disease, usually multinodular goiter or underlying latent Graves disease, in whom iodine exposure triggers the development of clinical disease. This subgroup usually has normal or only slightly elevated serum levels of interleukin-6, while patients with type 2 AIT have randomly distributed disrupted follicules, filled with desquamated vacuolated epithelial cells, foamy macrophages and lymphocytes, involutional changes and fibrosis. They have higher levels of IL-6, rendering it a good marker of the thyroid-destructive processes. [13] Thyroid scan and doppler ultrasound can differentiate also between the 2 types. Absence of tracer uptake in the thyroid bed and Doppler flow demonstrate type 2 AIT.
The exact type of thyrotoxicosis cannot be identified most of the time and treatment for both conditions is given. [2] Mixed cases of amiodarone induced thyrotoxicosis occur in 15 to 27% of cases. [4] In patients with preexisting cardiac disease, the effect on heart is more worrisome. When established, AIT worsens the underlying arrhythmia and most patients developed decompensated heart failure, recurrent atrial fibrillation or any arrhytmia because of the superimposed hyperthyroid state. [3] Hyperthyroidism may be mild (free thyroxine (T4) levels 1 to 1.5 times the upper limit of normal), moderate (free T4 levels 1.5 to 2 times the upper limit of normal) or severe (free T4 levels approximately 2 to 3 times the upper limit of normal).
AIT is a challenging problem difficult to manage with substantial morbidity and mortality especially in elderly patients with signs and symptoms of cardiac instability. Thus, resolution of this severe hyperthyroid state is crucial.
Ideally, amiodarone should be discontinued but cessation of this potent drug is impractical in some patients because it is the only anti-arrhythmic capable of controlling tachyarrhythmias, and even if it can be stopped, AIT can take up to nine months to resolve, its effect may last seven years. When stopping amiodarone, a loss of beta blockage may exacerbate thyrotoxicosis which may not improve and lead to comorbid cardiac conditions and major problems. [2] Many trials of medical therapy with anti-thyroid drugs, steroids, radioactive iodine, plasmapheresis failed due to the high intrathyroidal iodine content that reduces the efficacy of thionamides which also have many side effects and complications, the low suppressed RAI uptake mainly in type II and the refractoriness of AIT to steroids and plasmapheresis. [13] Thionamides, usually with a short course of potassium per chlorate are beneficial, and if no response we can add steroids but the effect of medical therapy may take as long as 4 months to be efficient. [7] Major anti-thyroid drugs are able to temporary control symptoms but all are hepatotoxic especially that treatment requires high doses, steroids can reduce the inflammation but have major side effects, plasmpharesis can provide acute relief of type 2 amiodarone induced thyrotoxicosis but its effect is transient, with higher cost and impossibility of long term use. Radioactive iodine is not feasible in all conditions especially in type 2 because of a low uptake. [3] Clinical manifestations and morbidity of thyrotoxicosis leading even to thyroid storm, can be the reason for choosing thyroidectomy as the only curative solution. Many series have reported the successful surgical management of amiodaroneinduced thyrotoxicosis. [15] Most studies have shown that total thyroidectomy reduce mortality and morbidity, despite that euthyroidism is difficult to achieve. None of those case series presented here showed a significant complication post thyroidectomy, despite the risk of anesthesia associated with thyrotoxicosis, mainly in patients with heart disease, and the high surgical risk. The anesthetic management should be considered. Patients with mild hyperthyroidism do not require special considerations while those with severe Intraoperative hyperthyroidism (thyrotoxic storm secondary to manipulation of the thyroid gland during thyroidectomy] may require hydration, cooling, and administration of antithyroid drugs, beta-blockers and sodium iodine to prevent any hyperthyroid crisis (storm]. [29] . Thus, it is preferable to control hyperthyroid and to restore euthyroidism before thyroidectomy but in most cases, there is a necessity for an urgent treatment before establishing a normal euthyroid state.
When surgery is performed, the postoperative risk of arrhythmias, hemodynamic compromise, and thyroid storm is very minimal.
All patients improved clinically, in addition to amelioration of their cardiac status. Those in whom discontinuing amiodarone is not feasible can be also referred to surgery. [6] 
Conclusion
As amiodarone can cause thyroid dysfunction and thyrotoxicosis especially in patients with preexisting heart problems, checking for and treatment of amiodarone induced thyrotoxicosis is important. Total thyroidectomy is an effective method for treatment of amiodarone induced thyrotoxicosis unresponsive to medical therapy, because of severe cardiac morbidity and mortality associated with overt hyperthyroidism.
